ABSTRACT
Introduction
Sepsis remains a major cause of morbidity and mortality in elderly 1 , particularly if they undergo intra-abdominal surgery and stay in intensive therapy unit 2, 3 .
The aging populations, the emergence of multiply resistant micro-organisms, the increasing use of invasive techniques, besides the increase in surgical procedures are among the factors that may explain the increased prevalence of septicemia, with peak usually occurring on the sixth decade 4 .
The elderly person is more susceptible to infection due to physiological changes of aging, decline in immune response and the presence of concomitant diseases. The declines in the function of T lymphocytes and cellular immunity and decrease the production of antibodies for immunization are extrinsic immunological changes that may enhance vulnerability to infection. The presence of diabetes mellitus, dementia, cerebrovascular disease, peripheral vascular disease and chronic obstructive pulmonary events are often found in the elderly that predisposes infections 5 .
Chronic encephalic hypoxemia in rats can be achieved by permanent bilateral carotid ligation (PBCL), which generates chronic moderate hypoglycemia that is associated with ageing and dementia, besides neurocognitive impairment and systemic reactions such as sympathetic nervous system reactions, immune cellular suppression, and opportunity for spontaneous bacterial infections [6] [7] [8] .
Sepsis in animals is a form of mimicking human disease, allowing translational research improving the medical care [9] [10] [11] [12] [13] [14] .
There are no studies on peritonitis in rats with brain chronic hypoxemia due to PBCL; furthermore, it is not known that neurocognitive senescence is associated with immune senescence and severe infections 15 .
The purpose of the study was to investigate the morbidity and mortality; and also the microbiological response to sepsis due to fecal peritonitis in Wistar rats with PBCL comparing with young and mature control rats.
Methods

The study was approved by the Ethics Committee for
Animal Research (CEUA/CESED/Campina Grande).
It was included 30 Wistar male rats (Rattus Novergicus
Albinus Rodentia Mammalia), without any disease that could impair the brain oxygenation. All animals were born at the animal house of the Institution (FCM-CG). Group 1 -young rats with ages around three months, weighing from 230 to 330 grams; Group 2 -control mature rats with ages around 15 months, weighing from 320 to 570 grams, and Group 3 -mature rats with ages around 9 months, weighing from 390 to 550 grams with PBLC, with an average postoperative follow-up of four months.
Cerebral hypoperfusion was induced using PBCL. The animals were anesthetized with ketamine hydrochloride (50mg/ kg) and xylazine (10mg/kg). Through an incision in the midline of the ventral neck, the anatomic vascular-nervous bundle (vagus nerves and carotid arteries) were exposed. These structures were carefully separated and carotid permanently connected with nylon 4-0, approximately 8-10mm below its origin.
Peritonitis was induced by intra-peritoneal inoculation of a 10% suspension of autogenous feces. Two grams of stools were collected for each own individually rat and dissolved in 20 ml of 0.9% saline solution. This mixture was homogenized and filtered through gauze in order to remove large particles. It was injected 5 ml/kg of the suspension in the intra-peritoneal cavity, in the left iliac quadrant, using a 30 x 12mm needle. The rats had to have regular bowel habits and no macroscopic feces changes (blood, mucus or pus).
The animals were observed, by the veterinary, as regard to: activity, body temperature, respiratory rate and hair status, with the goal of obtaining signs of serious infection. Agonizing rats in the first 48 hours after fecal peritonitis induction were euthanized to collect blood from the right ventricle and carotid; and also peritoneum and lung fragments. Animals that survived the first 48
hours; and maintained well, were euthanized eight days after the induction of peritonitis for collecting the same materials. Between 48 hours and eight days any rat with clinical and hemodynamic instability with signs of marked respiratory distress, and pillage erection or mucous and serous-bloody secretion from the nose was euthanized for collection of various tissues and blood samples for microbiological analysis.
The animals for the material collection of study were anesthetized with ketamine hydrochloride (50mg/kg) and xylazine (10mg/kg). Puncture was performed in the heart right ventricle with a 30 x 15 mm needle and aspirate 2 ml of blood. One milliliter of aspirate was discarded and one injected into the blood culture (Hemocult Pediatric Laborclin). The same procedure was performed for the carotid artery. Subsequently, abdominal midline incision was performed allowing access to the peritoneal cavity and a peritoneum fragment was removed and packed in a sterile
Petri dish in order to facilitate the weighing of the same.
Abdominal cavity was inspected for: abscess identification; adhesions; and macroscopic infection signs like pus inside or in the solid organs. Photos were taken for documentation. Quantitative parameters were expressed by their mean ± Standard Error of the Mean (SEM); the qualitative ones were expressed by their frequencies.
Student "t" test was used for unpaired quantitative parameters. ANOVA test was used for quantitative parameters for more than two groups. If the test resulted in p<0.05), TukeyKramer was used for identifying difference among means.
Chi-square was used for assessing association. Fisher exact test was used for assessing differences between frequencies of mature animal parameters with and without PBCL. p<0.05 was used for rejecting the null hypothesis.
Results
The mature rats that underwent PBCL had a mean age of g. The mean age of mature animals with and without PBCL were significantly higher than the younger group (p <0.0001). It was observed that the mean age was significantly higher in the rats with PBCL compared with those without PBCL (p<0.001).
There was no significant difference between the mean weights of the mature groups with and without PBCL (p = 0.859), although differences were observed in comparisons between young and mature undergoing PBCL (p<0.001).
When observing the variation in weight between the time of inoculation and immediately before the animal death, it is found that there was a statistically significant weight loss in rats When considering microbiological investigation from the peritoneum samples, four rats without PBCL were positive, while one rat with PBCL presented positive microbe growth (Tables 2 and 3) Regarding the lungs four rats without PBCL had bacterial growth while three rats with PBLC had positive cultures (Tables   2 and 3 ).
Positive bacterial identification in blood samples taken from the carotid artery (blood 1) it was observed in five rats with PBCL and six without PBCL. In blood taken from the right heart (blood 2) there was bacterial growth are five rats with PBCL and five animals without PBCL. In one young rat bacterial growth was present in the blood sample taken from the right heart (Tables 2   and 4) . 
Proteus mirabilis
In collecting the peritoneum fragment it was observed signs of previous infectious process or activity (abscesses and adhesions in the abdominal cavity) ( Table 5 ). These processes were less evident in young control rats (p<0.001). There was no statistically significant difference (p = 1.000) between the mature groups with and without PBCL. in the studied groups.
Macroscopic lesions
Groups (n----%)
Several animals from the mature group with PBCL had adhesions of the bowel to the peritoneum, including the parietal (Figure 1 ). Among the mature animals with and without PBCL it was observed macroscopic changes related to the formation of abscesses ( Figure 2 ). At the time of blood collection in the carotid arteries was observed that most of these arteries had hardened up like pale cords and bloodless inside, accordingly to obtain the carotid cord was dissected until the subclavian where blood samples were harvested. Additionally, it was observed adaptive arterial network of small vessels that roamed near the carotid or directly linked to its sheetor closer or farther away from the trachea heading for the brain (Figure 3) . Recognition of LPS by Toll-like receptors on the surface of macrophages permits their sensitizations consequent stimulation of the innate immune response to microbial invasion. At the same time, however LPS may signal to an exaggerated inflammatory response of the immune system, initiating an uncontrollable inflammatory response, which can lead to multiple organ failure and finally death 16, 17 .
In humans, the infection often causes morbidity and mortalidade 2, 18 . The purulent material found in the abdominal cavity is polymicrobial. In animal model of peritonitis is useful to study the development of disease and septicemia resulting in terms of microbiological, immunological and therapeutic forms.
The material inoculated into the abdominal cavity may come from own feces or bowel segments
12
.
Currently, induction of peritonitis can be done in several ways including the introduction of LPS into the peritoneal cavity, fecal suspension or several microorganisms including E. coli and B. fragilis 12, 19 .
Peritoneal In rodents, the sequence of events that occur following contamination of the peritoneum with fecal flora, E. coli was responsible for sepsis and mortality in acute peritonitis while B.
fragilis, E. coli and other microorganisms; and Enterococcus sp polymicrobial infections were responsible for the late formation of abscessos 11, 13 .
In this research it was detected typical colonic polymicrobial flora, with no discrepancy with findings in other studies in which there was a similar induction of fecal peritonitis in rats. In this sample the mature animals with and without PBCL not survived the acute phase of the disease and were euthanized within 72 hours, were positive in some culture (peritoneum, lung, and blood) to E. coli and other microbial agents. The animals of group ripe with and without PBCL who survived until the eighth day had a higher incidence of macroscopic changes, especially abscess formation and adhesions, and polymicrobial profile the results of various cultures [11] [12] [13] [14] .
The relationship between acute peritonitis and E. coli, and polymicrobial infection and development of adhesions and abscesses in late stages is described in other studies, configuring important information to guide treatment in the early stages of the disease 18, 19 . 23, 24 .
Evaluating the results of the present investigation, bacterial clearance was observed virtually in all young animals that survived until the eighth day, even without the observation of macroscopic signs of infection in the peritoneal cavity. The morbidity and mortality scores were significantly higher in young animals compared with mature animals with and without PBCL, leading us to assert that age was an independent good predictor for these outcomes. The second hypothesis was that rats undergoing PBCL could present deficient immune response upon challenge autogenous fecal peritonitis and consequent septicemia. The results support the hypothesis that the PBCL procedure, with the follow-up period of four months, does not interfere in morbidity or mortality, comparable to healthy rats without this procedure.
However, it should be noted that the rats with PBCL presented with average age lower than healthy rats without surgery. So, there was a tendency to better immune response in this group. The data support the hypothesis that the immune response of rats to fecal peritonitis has age as an independent predictor.
Conclusions
1.
The immune response to fecal peritonitis in healthy young rats was significantly more efficient than that of mature rats both with and without PBCL, reflected in lower morbidity and mortality;
2.
The morbidity and mortality from peritonitis and sepsis were greater in mature rats, yet similar between rats with and without PBCL.
3.
The microbiology of pre-lung (heart right ventricle), post-lung (carotid) arterial blood, peritoneum and lung in mature rats with and without PBCL reflects the diversity of gram-negative microorganisms constituting the colonic flora.
